WORLD INTELLKnUAL PROPERTY ORGANIZATION 
lolcnulional Bureau 




PCX 

FNTERNA-nONAL APPLICATION PUBUSHED UNDER TOE PATENT COOPER AITOK TT^t^ (PCn 



(51) Inteniadonal Patent ClassUcation 6 
B26F im, B26D 5/DO 



Al 



(U) laternatioRsl Piiblicatfen Number: 
(43) Intcniatioiial Publication Date: 



(21) lotematkmal ApplicaU'oo Number: PCT/GB9»ro478 

(22) iDlcmational Fmg Date: 19 November 1998 (I9.1 1.98) 



(30) Priority Data: 
9724335.6 



19 November 1997 (19.1 1.97) GB 



(71) Appiicant (for all designated StaKj except US): ENGINEER- 
ING WTTH EXCELLENCE (SCOTU^D) UMITCD 
(GB«3B1: Units 15-16 Ashley Group Base, Pitmeddeo 
Rood, Dyce. Abeftteen AB2I ODP (GB). 

C72) Inventor; and 

(75) Inventor/Applicant (for US <mfyy. RUDD. Wayne [GBrtSBl- 
^''^ Nedwfidd Estate. lavenirie. Abeideeii 
ABSt 4LB (GB). 

<74) Aumt: R3RRESTER KETT^ A CO4 Chambcriain House. 
Pandise Place. Biimingham B3 3HP (GB). 



WO 99/25524 

27 May 1999 (27.05.99) 



(81) Desipatetl States: BR. GB. US. Euiopean patent (AT BP 



Published 

mth internotionai search report. 



(54)TIUe: METHOD AND APPARATUS FOR MANUFACnjRlNG AN EXPANDABLE SUm^ 



TUBE 



« i 4-i — 




(57) Abstract 

>lo(s are fomaJ it a unifom angular SShtnf^f of butt joinu wherein aiially exwiding 

cuningsaid annular etojen.aCn'Ts. ^^pT^^ovX^ 

ovcr-p between sal- posiUonally fi^ ^ vaLTsllT^STfrS ^2 STS U ^^^^ --^^^r^i^ 



FOR THE PUKPOSES OF INFORMATION ONLY 



Codca oacd to identity States party to the PCT on the front 



pages of pamphlets publisbtng intenaUonal appUcatioos under the PCT. 



AL 

AM 

AT 

AU 

AZ 

BA 

8B 

BE 

BF 

fiC 

BJ 

BR 

BY 

CA 

CF 

CG 

CH 

CI 

CM 

CM 

cu 
cz 

DE 
DK 
EE 



Amenia 
Austria 
Aisffiiti 
AznWjaA 

Bonia «nd HenetoMna 
BirtMdoc 



BvtiiuiRBo 

Bulptni 

Benin 

BrtBl 

BeUna 

Cmd« 

Ccmni Africn 
Cooco 
Switzerlnd 
Ctod'Ivoin 



Cub* 

Czech RepubUe 

Oomany 

Dcomwt 



ES 

n 

FR 

GA 

CB 

CE 

GH 

GN 

GR 

HU 

IB 

IL 

IS 

IT 

JP 

KB 

KG 

KP 

KR 
KZ 

LC 
U 

uc 

LR 



Spala 

FinliBd 

FrsBoe 



UMKlRfdom 
GaofgtB 



China 

Hungiij 

Uiad 

ittlafid 

Kaly 

Japan 

Kaqr» 

Ejniyzte 

Dcroocniic Pupfe'i 

RcfwtTic or Kocea 

Rqwbltc of Korea 



Saioi Ucia 



.Wf-anka 
l^ibefia 



L5 
LT 
LU 
LV 

MD 
MG 
MK 

ML 

MN 

MR 

MW 

MX 

NB 

tit 

KO 

KZ 

PL 

PT 

RO 

RU 

5D 

SB 

SG 



I^esocho 

Liduumi 

Lutmbourg 



Rc{Mblic of MoMova 



The Cbcbct YmaaUw 
Man 



Maico 
K«er 

NetherhBdi 

Norwiy 

NewZealMd 



IVonofal 
Ranaaia 

Rmnn fiedemkn 

Sttdn 

Swcda 



a 


StoMBta 




SK 


Sknnkia 




SN 


Scnctal 




sz 


Swaxilind 




TD 


Cud 




TC 


Togo 




TJ 


Ti^otan 




TM 


TDrtorwataa 




TR 






TT 

UA 


Trinidad aw 
UkiiBW 


ITofa^o 


UG 


UtMU 




US 


UakedSftte 


• of America 


UZ 


iltbtkhtm 




VH 


VkiNn 




YU 


Vc^odina 




ZW 







wo 99/25524 



I 



PCT/GB98A)3478 



Method and apparatus for manufacturing an expandable slotted tube. 

Description of Invention 

This invemion relates to expandable slotted tube which is used primarily 
in bore holes to form a lining which prevents collapse of the wall of the bore 
hole whilst allowing substantially unrestricted flow of fluids from the 
surrounding strata into the bore hole. 

The use of such expandable slotted tube is described particularly in WO- 
A-93/25800. The expandable sloned nibe (or "liner'* as it is refened to therein) 
is a product which can with advantage be used in all aspects of well life, 
including drilling, completion, well intervention and abandonment. 
Conventional oil field technology is based on inserting articles of fixed size 
into the well bore, and well construction is normally such that the size of the 
bore progressively reduces from the well head down to the reservoir to be 
tapped. This can lead to an unworkably small bore size at the required depths 
leading to compromises in well operability or, in an extreme case, resulting in 
failure to reach the reservoir at a bore size sufficient to enable the reserves to 
be exploited. 

The use of expandable slotted tube provides flexibility to cope with 
unexpected problems during both drilling and completion of the well and also 
during the life of the well as compared with conventional well construction 
tecluiiques. 

In particular, expandable slotted tube can be designed to fit most well 
bore sizes, whilst being made small enough to pass through pre-existing 
restrictions in the bore. This is largely as a result of the phenomenon known as 
"surplus expansioji" which occurs when the expandable slotted tube is 
expanded by drawing an expansion mandrel through it, that is to say the 
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expanded intcnial diameter of tl,e tube increases to a value greater than that of 
the maximum outside diameter of the expansion mandrel by a factor which is 
dependent at least in pan on the mandrel design. 

The expandable slotted tube as described in WO-A-93/25800 can be 
expanded up to 200% of its original diameter and can in theory be made in any 
size or length. 

However, there are problems in Hie manufacture of such expandable 
slotted tube, and in particular in ensuring uniform radial expansion. 

In practice, the tube in which the slots have to be fonned will, in 
general, not be accurately cylindrical and straight over ihe whole of its length. 
The longitudinal axis of the tube may deviate from a straiglit line over all or 
part of its lengtli. and the circumfcrcn.ial shape of the tulie may deviate from 
accurately circular over pan or all of its length, due to limitations inherent m 
the manufacturing processes conventionally employed. As a result, if a pre- 
detcnnined and invariable pattern of slots is cut into such a tube such defects 
will be magnified by its subsequent radial expansion and may then exceed 
acceptable tolerances. 

Moreover, in practice, such tubes mua be joined together to fonn a liner 
of the required overall working length corresponding to the depth of the bore- 
hole. Accordingly, appropriate coupling fittings must be provided at opposite 
ends of each tube to fonn a composite fabrication comprising a tubular element 
of appropriate length and annular elements fonning the coupling fittings at the 
ends thereof 

Further, each length of such fabricated tube may include one or more 
additional fittings intcnncdiate its ends, knowi as "landing rings", which are 
also fonned as separate components, the tube then comprising two (or more) of 
said tubular elements connected together in end-wise relation by an annular 
element formed as a landing ring, and the two aimular elements fonning the end 
coupling fittings. 



wo 99/25524 



PCT/GB9afl)3478 



Thus, typically, a length of tube as fabricated may comprise at least five 
elements, namely a female end coupling at one end. a first tubular element, a 
landing ring, a second tubular element, and a male end coupling at the other 
end. The couplings and landing ring are fittings that are normally formed to a 
high degree of accuracy by machining operations, and these fittings necessarily 
have diflcrcnl characteristics from the tubular elements. However, the 
individual components are secured together in endwise relation by means such 
as welding, and the fabrication of the complete tube in this way inevitably 
introduces variability in a number of respects from one tube to another, even 
though nominally identical. 

In particular, the overall length of the fabricated tube, which is typically 
in excess of 10 metres, may vary by several millimetres as a result of the 
accumulated tolerances on the lengths of the individual tubular elemems and 
the thickness of each weld. Additionally, as a result of potential distortions 
within each tubular element, the couplings at opposite ends of the tube will in 
general not be accurately in register with one another circumferentially, that is 
to say one may be angularly offset relative to the other about the centreline of 
the tube. This is of significance since the couplings arc normally fonned with 
axial ly interfitting fonnations. and the slots which arc fonned in the tube must 
be correctly orientated relative to such interfitting fonnations at both ends of 
the tube. 

Additionally, the accuracy, with respect to location and length, of the 
slots which extend across locally thickened portions of the tube, for example in 
the landing rings and end couplings, is critical. 

Accordingly the object of the invention is to facilitate the manufacture of 
expanded slotted tube in a manner which satisfactorily takes such factors into 
account. 

According to the invention we provide a method of manufacturing an 
expandable slotted tube of a kind which is fabricated from at least one tubular 
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element formed by exnus.on or similar processes and at least two annular 
elements formed by machining or like processes and connected to the opposite 
ends of the tubular clemem by means of butt joints formed by welding or like 
processes, wherein axislly extending slots arc formed at a uniform angular 
spacing around the periphery of the tube fabricated from said elements aid in 
longitudinally overiapping relation throughout the entire lengd) of said 
fabricated tube, including said tubular element and said amiular clcmenu. the 
method being characterised by cutting in said amiular elements a patterii of 
overlapping positionally fixed slots in accordance with fixed and invariable 
parameters with regard to their longitudinal position and length which are pre- 
determined relative to the dimensions of said amiular elemenls. and cutting in 
said tubular element a pattern of positionally variable slots that is variable with 
regard to at least the parameters of longitudinal position and length of the slots 
in accordance with measured parameters of the fabricated mbe so as to achieve 
the required overiap bet^vccn said positionally fixed slots and said positionally 
variable slots. 

The method may include the steps of • 

a) establishing longitudinal datum points for each of said annular 
elements, 

b) calculating, by reference to said longitudinal datum points and 
by reference to the pre-detennined parameters of longitudinal position 
and axial length of said positionally fixed slots, the nominal longitudinal 
position and axial length of said positionally variable slots required to be 
cut in said tubular element so as to ensure that those positionally 
variable slots that extend across a joint between said annular elements 
and said tubular element arc longitudinally centred on the joint across 
which they extend, and the length of each overlap between said 
positionally variable slots, including said joint-crossing slots, is uniform. 

' and 
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c) cutting said slots in accordance with said pre-determined and said 
calculated parametei's. 

The method also preferably includes the further step of monitoring at the 
cutting site the position of the local centre-line of the tube and the radial 
distance from said centre-line to the outer surface of the tube, and recalculating 
the nominal parameters of the positionally variable slots so as to correct 
substantially uniformly over the lengili of the tubular element for any local 
deviations in the position of the centre-line and/or in circularity of the tubular 
element. 

The method is preferably carried out by commencing the cutting of said 
slots from one end of the fabricated tube to form said slots progressively along 
the entire length of the tube. 

The longitudinal datum points may include a first point corresponding to 
a first end of the tube as defined by an end face of the annular element at that 
end of the tube and a second point con csponding to the other end of the tube as 
defined by an end face of the annular element at that end of the tube, plus third 
and fourth points coaesponding respectively to the joints between the tubular 
element and the annular elements at those ends of the nibc. It will be 
appreciated that the annular elements at those ends of the tiibe may comprise 
couplings for the releasable connection of two similar tubes, in particular male 
and female couplings which are adapted to fit at least partially one inside the 
other and accordingly are in part of greater external diameter than the tubular 
element to which they are joined. 

Nonnally. the fabricated tube will also include a further such annular 
element which is disposed intenncdiate the ends of the tube, which then 
comprises two of said nibular elements, such intenncdiate annular element 
being connected tiiereto by butt joints. Such intermediate annular element may 
be fonned with an external flange for the purpose of lifting the fabricated tube, 
and therefore also be of greater external diameter than the tubular element to 
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which it is joined. In such a case the datum point for (his intenncdiate annular 
element may be afTorded by a radial face of the flange. The .nethod previously 
described may accordingly be applied to the manufacture of slotted tube of the 
kind which the tubular element has a further tubular element connected thereto 
by means of one of said annular elements and said further tubular element has a 
futlher annular clement comiected at the end thereof, and tlie annular element 
which is disposed intermediate the tubular elements is formed with an external 
flange, by establishing a funher damm point corresponding to a radial face of 
the flange on said intermediate annular element. 

In accordance with a prefen ed feature of the invention an angular datum 
is also established rela.ive to the cenfe-line of the fabricated tube at one end 
thereof, and cutting is commenced at the other end so that any angular off-set 
which is required at Uie latter end to align the slots correctly with respect to the 
amiular element at that end is dctcinined relative to said angular datum and is 
included in the re-calculation of the parameters of said positionally variable 
slots. The angular position of the positionally fixed slots may also be included 
in this re-calculation. 

According to a further aspect the invention also resides in expandable 
slotted tube as manufactured by the above method. 

Funher. the invention also resides in a machine for use in the 
manufacture b> the above method of expandable slotted tube of a kind which is 
fabricated from at least one tubular element fonned by extrusion or similar 
processes and at least Kvo annular elements fonned by machining or like 
processes and connected to tlie opposite ends of the tubular element by means 
of butt joints formed by welding or like processes, wherein axially extending 
slots arc formed at a uiiifonn angular spacing around the peiipheiy of the tube 
fabricated from said elements and in longitudinally overlapping relation 
throughout the entire length thereof, including said tubular element and said 
annular elements, and comprising - 
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a) means for establishing longitudinal dahiin points for each of said 
annular elements. 

b) means for calculating, by reference to said longitudinal datum 
points and to the pre-dctennined parameters of longitudinal position and 
axial length of said positionally fixed slots, the nominal longitudinal 
position and axial length of said positionally variable slots required to be 
cut in said tubular element so as to ensure tliat those positionally 
variable slots (hereinafter called "joint-crossing" slots) that extend 
across a joint between said annular elements and said tubular element 
are longitudinally centred on the joint across which they extend, and the 
length of each overlap between said positionally variable slots, including 
said joint-crossing slots, is unifonn. and 

c) means for cutting said slots in accordance with said pre- 
detennined and calculated parameters. 

The cutting means is preferably airanged to cut said slots progressively 
from one end of the fabricated tube to form said slots sequentially along the 
entire length of the tube. 

The machine also preferably includes means for monitoring the posirion 
of Ujc local ccnirc-line of the lube and the »-adial distance of the outer surface of 
the tube at the cutting site from said centre-line, and recalculating the nominal 
parameters of the positionally vaiiable slots so as to coirect substantially 
unifonnly over the length of the tubular element for any local deviations in the 
position of the centre-line and/or in circularity of the tubular element as the 
cutting progresses along the tubular element. 

Such machine prcfeiably also includes means for establishing an angular 
datum relative lo the centre-line of the fabricated tube at one end thereof, 
means for providing an angular off-set relative to said angular datum of said 
cutting means at the other end of the lube to align the slots coirectly with 
respect to the annular element at that end, and means for including said angular 
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off-sci in the re-calculatten of the parameters of said positionally variable slots 
as cunitig progresses. 

The machine may comprise a plurality of supports adapted to hold a 
fabricated tube for cutting, an indexing rotator connectable to said tube for 
rotating said tube about its longitudinal axis in step-wise increments, a 
longitudinal guide defining a first longitudinal axis parallel to that of said tube 
when mounted on said supports, a main carriage mounted on said longitudinal 
guide for movement along said first longitudinal axis and along the entire 
length of said tube, a sub-carnage mounted on said main carriage for movement 
relative thereto on two transverse axes relative to said longitudinal axis of the 
tube so that said sub-carriage can thereby be centred relative to said 
longitudinal axis of the tube and for movement on a second longitudinal axis 
which is parallel to said first longitudinal axis, at least one slot cutter mounted 
on said sub-carriage for movement radially relative to said longitudinal axis of 
the tube, and a control system operative to move said main caniage through a 
succession of working positions along the longitudinal guide, in each of which 
positions the sub-carriage is centred relative to said longitudinal axis of die tube 
and a sequence of slot cutting operations is performed by moving said sub- 
carriage along said second longitudinal axis while said slot cutter is operated to 
cut a slot of pre-determined length, rotationally indexing said tube and 
returning said sub-carriage to its starting position on said second longitudinal 
axis and repeating the cutting operations until all the required slots are formed 
at each of said working positions. 

Preferably, the machine includes a plurality, e.g. four, of said slot cutters 
which are arranged at equal spacings around longitudinal axis of the tube so 
that a pluralit>' of slots can be cut simultaneously each time the tube is indexed. 
The slot cutters are preferably abrasive waier-jel cutters, although otiier types 
of cutter could be employed. 
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These and other aspects of the invention will now be described by way 
of example with reference to the accompanying drawings whercin:- 

FIGUR£ I is a diagrammatic illustration of a typical fabricated tube 
prior to slotting; 

FIGURE 2 is a diagraiiunatic illustration of the way in which the male 
and female couplings at opposite ends of the tube may be angularly offset 
relative to one another; 

FIGURE 3 illustrates diagranunatically a section through a female 
connector at one end of the fabricated tube and a developed view of the slot 
pattern which requires to be cut; 

FIGURE 4 shows, in a manner similar to Figure 3, the required slot 
panera in a male connector at the other end of the fabricated tube; 

FIGURE 5 shows, in a manner similar to Figure 3, the required slot 
pattern in a landing ring inserted at a position intermediate the ends of the tube; 

FIGURE 6 is a plan view of a machine in accordance with the invention 
for cutting the required slots in the lube shown in Figure 1; 

FIGURE 7 is an end view of the machine; 

FIGURE 8 is view of a can iage assembly in the same direction as that of 
Figure 7; 

FIGURE 9 illusn-ates in more detail the airangeroent of cutter jets 
incorporated in the machine; and 

FIGURE 10 illustrates the arrangemenl of one of several probes 
incorporated in the machine. 

As shown in Figure 1. a fabricated tube 10 of the kind to which the 
present invention is applied comprises an end fitting 1 1 serving as a female 
coupling, a shoner tubular element 12, a landing ring 13. a longer tubular 
clement 14, and a further end fitting 15 serving as a male coupling. The end 
fittings II and 15. and the landing ring 13, are each fomed as machined 
components of accurately detennined length, diameter and circularity etc.. but 
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•he tubular elements 12-and 14 are conventionally formed by extrusion and 
generally will „o, be truly straight throughout their lengU.s. and may no. be 
truly cylindrical i„ shape at all points along the.r lengths, and indeed the 
tolerance on wall thickness and outside diameter may be signif.camly greater 
than that which is applicable to the machined components. The five 
components are secured together endwise by butt welding to form joints as 
shown at 16.17.18 and 19. and the thickness of each butt weld is somewhat 
variable with the result that the overall length of the tube 10 as fabricated may 
y^ry from the nominal value by several millimetres, in a total length which .n 
many cases will exceed 10 met.es. Typically, .he outside diameter of U.e 
tubular elements may be between approximately 10 and 40 cm. 

Tl,e female coupling II includes a body portion 21 of the same nominal 
dtameter and wall thickness as the adjacent tubular element 12. with an external 
flange 22 near the end 23 at which it is welded to tubular element 12 The 
flange 22 divides the body po,1ion 21 into outer and inner sections 2Ja and 
21b respectively. At the opposite end 24 the female coupling 1 1 is formed with 
a widened end portion 25 which is fomied with internal circumferemially 
extendmg sen-ations (not shown) and with a plurality, of circumferentially 
spaced holes 26 which are adapted to receive locking plungers (not shown) for 
the putpose of locking in place the complementary male coupling 15 which is 
provided at the other end of a similar tube to which the tube 10 will, in use. be 
connected 

The male coupling 15 similarly includes a body ponion 3 1 which is also 
of the same nominal diameter and wall thickness as the adjacent tubular 
elements, and is fonned with a first external flange 32 at a position spaced 
from the end 33 at which it is welded to the adjacent tubular element 14. and a 
second extental flange 35 spaced from the opposite end 34 The flanges 32 and 
35 divide the body ponion 31 into outer, middle and inner sections 31a, 3 lb 
and 31c respectively. Adjacent the end 34 the tnale coupling 15 is fomtcd with 
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external circuinfercniiairy extending senations (not shown) which are adapted 
to mate with the internal serralions of a female coupling 1 1 when two such 
tubes 10 are joined together A plurality of circumfcrentially spaced recesses 
36 are formed in the outer end 34 and arranged to receive the locking plungers 
previously mentioned so as to prevent relative rotation of nvo tubes 10 when 
joined together. 

Tlie landing ring J 3 comprises a cylindrical body 41 having an external 
flange 42 at a position intennediate the ends 43, 44 whereby it is welded to the 
adjacent tubular elements 12 and 14 respectively. The flange 42 divides the 
body 4 1 into first and second portions 4 la and 4 lb respectively. 

Figure 2 is a diagrammatic illustration of ihe way in which the male and 
female couplings at opposite ends of the tube 12 may be angularly offset 
relative to one another as a result of distortions and/or inaccuracies in the 
welding of the various components during the fabrication of the tube. Thus, a 
specific locking plunger in the female coupling 1 1 may be angularly offset from 
an angular datum point D« by an angle a, which differs, positively or 
negatively, from the angle aj at which the conesponding recess 36 is offset 
from the datum at the male coupling end ot the tube. 

To enable the entire tube 10 to be expanded unifonnly tliroughout its 
length a series of longitudinally extending overiapping slots requires to be cut 
ihrougli the entire wall thickness of the tube throughout its entire length. 

In cuning the required pattern of slots, account has to be taken of 
variations arising from the fact that the tubular elements 12 and 14 may not be 
truly straight or circular in section and may not be cut to precisely controlled 
lengths, the fact that there may be variations in the dimensional layout of each 
joint as a result of manufacturing tolerances in the extmsion of the tubular 
dements and in the butt welding operations, the fact that slot widths need to be 
maintained consiaiil dcspile potentially differing wall thicknesses at different 
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points along the lengtl, of the txibe. and the fact that there may be angular niis- 
alignment between the opposite ends of the tube. 

Because the overall length L of the female connector 1 1. which is made 
by a machining operation, is known to a high degree of accuracy, ,he required 
slot pattern as shown in Figure 3 is essentially pre-determined by the 
dimensions of this component. 

In the example illustrated in Figure 3. the female connector 11 is formed 
with three rows of overlapping slots 27. 28. 29. The slots 27 are required to 
extend from the outer end 24. across the widened end portion 25 and into the 
outer section 21a; the slots 28 are required to extend wholly within the outer 
section 21a; and the slots 29 are required to extend from the outer section 21a . 
across the flange 22 and into the inner section 2 lb of the body portion 21. To 
achieve u.iiforn, expansion despite the varying geometry of the component, it is 
required that the slots overlap uniformly by a distance d" and that the slots 29 
are longitudinally centred on the flange 22. Because the dimensions of the 
fcmale^coupling 1 1 are accurately controlled during manufacture, the lengths 
L". L"and L-^* of the slots 27.28 and 29 respectively, and their circumferential 
spacing can be regarded as essentially predetennined and invariable for any 
given coupling and these slots are accordingly positionally Hxed. Their overlap 
d" is also predetemiiiied for any specific nominal length of fabricated tube 10. 

The next row of slots 30 which are required to extend across the joint 16 
and into the adjacent tubular element 12 may also be of a predetennined length 
L^" and have the same overlap d° with slots 29. However, since the thickness 
of the weld 16 cannot be closely controlled, the distance d' between the end of 
the tubular element 12 and the ends of the slots 30 is indetenninate. 

Ill a similar manner, the slot pattern required in the male 
connector 15 includes three rows of overlapping slots 37, 38. 39. The slots 37 
are required to extend fron, the outer end 34. across the outer section 31a and 
the flange 35 and into Ih? middle section 31b; the slots 38 are required to 
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extend wholly wi.hin .he middle section 3 lb; and the slots 39 are required to 
extend from the middle section 31b . across the flange 32 and into the inner 
section 31c of the body portion 31. To achieve uniform expansion despite the 
vaiying geometiy of the co.nponenl. it is again required tliat the slots overlap 
uniformly by a distance d* and that the slots 39 are longitudinally centred on 
the flange 32. Because the dimensions of the male coupling 15 arc accurately 
controlled during manufacture, the lengths L". and L3' of tlie slots 37.38 
and 39 respectively, and their circumferential spacing can be regarded'as 
essentially predetermined and invariable for any given coupling and these slots 
are accordingly positionally fixed. Their overlap d° is also predetennincd for 
any specific nominal length of fabricated tube 10. 

The next row of slots 40 which are required to extend across the joint 19 
and into the adjacent tubular elen,ent 14 may also be of a predetermined Icngtli 
L^"- and have the same overlap d%vith slots 39. However, since the thickness 
of the weld 19 cannot be closely controlled, the distance d' between the end of 
the tubular element 14 and the ends of the slots 40 is indetemiinate 

Tire slots 46. to be formed in the landing ring 13, which is likewise a 
machined component, have a predetermined length L-" and must be centred on 
the flange 42 as illustrated in Figure 4. The adjacent slots 45 and 47 which 
extend from the sections 4 la and 41b respectively and over the joints 17 and 18 
are required to overlap the slots 46 by the predetermined distance d° at each 
end. However, because of die indeterminate thickness of the welds 16 and 17. 
if an invariable slot pattern is followed along the length of the tubular element 

12 the distance d' of the ends of the slots 45 from the end 43 of the landing ring 

13 will also be indctenninate, with the result that the Icttgth of the overlap with 
slots 46 will be indetenninate. 

Thus, in accordance with the invention, the slots which are fomed in the 
tubular clement 12, including the joint-crossing slots 30 and 45 and all those 
between these slots, are not cut to a strictly predetennincd pattern, but instead 
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are variable in posi.ion and length so as to accomr.oda,e ,he variations wh.ch 
w,ll occur bemen different tubes 10 of the distance between the end 24 of the 
female connector . I and tlic end 43 of the landing ring 13. In this way by 
vaiying the Jetigth of the slots cut in tubular element 12 in accordance with the 
measured parameters of U.e tube 10 undergoing cutting, the required constant 
overlap d° between the slots from slots 30 up to and including slots 45 can be 
maintained. In a similar manner the slots to be fonned in the tubular clement 
14. including slots joint-crossing slots 47 and 40. are likewise of variable length 
to ensure that the required predetennined overlap d» is maintained throughout 
tlie remaining length of the tube 10 despite U,e variable thickness of the welds 
IS and 19. 

In addition, because the tubular elements 12.14 may not be accurately 
round, or indeed of non-vao'ing diameter along their lengths, and because of 
the possible angular offset between opposite ends of the tube, adjustments arc 
made to the slot paneni in the tubular elements 12.14 to accommodate such 
variations as are determined to exist in the tube being cut. 

These adjustments arc achieved in accordance %vith the invention by 
detemiining certain datum points on the tube and re-computing the lengths of 
the positionally variable slots to ensure the required overlap with each other 
and w.,h the positionally fi.xed slots, and monitoring deviations in circularity 
and centreline along at least the lengths of tubular elements 12.14 and making 
appropriate compensatoiy corrections in order to maintain an optimum patten, 
of slots for the puipose of achieving unifonn expansion. 

As shoNvn in Figures 5 to 9. the machine 50 in accordance with the 
invention for cutting the required partem of slots in the iuIk 10 includes a pair 
of parallel steel frames 51 each carrying a precision rail and defining a 
longitudinal axis for the movement of a main cairiage 53 over the entire length 
of tl,e tube 10 which is supported along its length on variable height roller 
assemblies 52 which are fitted to pneumatic cylinders so that they can be pulled 
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dow,. individually as tl.€ main carriaoe 53 travels along the length of the tube 
10. For this puTDOse. the main caniagc 53 canies at. electric motor which 
drives a pinion meshing with a rack adjacent to one of tlie rails. 

The main cairiagc 53 supports a sub-caniage 54 in sucii a way that it is 
self-centring with respect to tube 10. For this punjose the sub-caniage 54 is 
movable transversely relative to the main can iage by means of an actuator 55, 
and vertically by means of actuators 56. The sub-catriage 54 carries four 
probes 57 anrangcd respectively above, below and on each side of the 
longinidinal centreline of the tube. The probes may include feelers which have 
mechanical contact witli the external surface of the tube, but preferably are of a 
contactless t>pe. in ptirticuiar a laser probe which detennincs the spacing 
between the probe and the surface of tube. Data from these probes is used to 
control the actuators 55 and 56 so that the caniage can be centred onto the tube 
10 prior to the commencement of the cuning of each row of slots. 

The sub-carriage 54 is also movable relative to the main catriage in a 
direcrion longitudinally of the tube by means of a high precision ballscrew (not 
shown). 

The sub-carnage 54 also carries four water-jet cutters 59 mounted 
concenirically around the tube centreline at 45» to the vertical so as to surround 
the tube. The cutters are individually movable towards and away ftx)m the tube 
by means of respective actuators 60 which are controlled in accordance with 
data from the probes 57 so that the ride height of the cutter jets 59 is 
continuously adjusted in accordance with the contour of the tube 10. 

At one end. the machine 50 includes a rotatable head 61 which is 
capable of releasable connection to the adjacent end of tube 10 in such a 
manner that the tube can be rotated about its longitudinal axis. 

In use. the tube 10 is positioned on the supports 52 and coupled to the 
rotatable head 61. The sub-carriage 54 is set to a "zero" position longitudinally 
of the main caniage 53 and the main cairiage itself is positioned at the end of 
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the machine adjacent tolhe rotatable head 61. The da.a,,, po.nts of the tube 10 
in place arc then established. This is achieved by firstly operai.ng the rotatable 
head 61 to align one of the locking plunger holes 26 w.th the angular datum 
position D.. The main carnage 53 is then advanced along the rails to bring the 
cutler jets 59 accurately into line with the end 24 of the tube and establish 
datum point D,. Tl,e main carriage 53 is then moved until the cuner jets are 
advanced to the cenn-e of the butt 16 to def.ne datum point D,. advanced 
to align the cutter jets with the side face of the flange 42 nearest the end 24 of 
the tube ,0 establish datum point D,. advanced fu>lher .o bring the cutter jets to 
the centre of the butt weld 19 and establish datum point D, and finally to bring 
the cutter jets into register with the opposite end 34 of the tube 10 to establish 
datum D,. The rotation head 61 is then operated to bring ,l,e nearest of the 
recesses 36 to the angular datum point D« and thereby establish any angular 
offset between the two ends of the tube. 

Fron, the established datum values, and the parameters of the 
positionally fixed slots which are predetennined by the known sizes of the 
machined components 11.13 and 15. the required slot pattern for the tubular 
elements 12 and 14 is computed and cutting is commenced from the end of the 
machine fiirthest from the rotatable head 61. 

The sequence of cutting operations is as follows. Firstly, the sub- 
carriage 54 is centred relative to the tube ID. and the cutler jets are sct to the 
required height above the outer surface of the tube. The cutter jets are then 
brought into operation and tite sub-carriage 54 on which they are mounted is 
then moved longitudinally relative to the main ca.riage 53 through a distance 
corresponding to the desired length of the first row of slots. WitI, the main 
carriage 53 remaining in the same position, the sub-carriage 54 is renimed to its 
starting point, whilst the cutting jets are inoperative, and the rotatable head 6] 
is moved through the required angular distance so that the points at which the 
next four slots are to be cut then register with the cutter jets. This operation is 
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repealed. Four .imes in .f.e case of .he illusnated embodiment, until a complete 
ring of slots is fonned. whereupon the main carnage 53 is advanced by the 
distance necessaty ,o bring the cutter jets to the position at which the next nng 
of slots is to be cut. with ,he defined overlap d" . and the cutting sequence is 
repeated in this way tiuoughout the whole length of the tube 10. At the 
beginning of each cutting cycle readings from the probes 54 are used to detect 
deviations in the longihidinal cenmeline of the tube from the ideal straight line 
axis, and any deviations in the shape of the exterior surface of the tubular 
elements from the ideal tn.e circle. This data is used to adjust the parameters 
of the positionally variable slots in real-time as the cutter jets are advanced. 
The cutter jets themselves are also moved automatically in the radial direction 
so as to maintain the optimum spacing from the external surface of the tube at 
all points along its length. 

In this way. the desired value of overlap d" is achieved despite 
variations in the overall length of one tube as compared with another due to the 
tolerances on the butt welds, and additionally, the angular spacing of the slots 
is varied as nccessao^ within, and between, each ring of positionally variable 
slots in order to compensate for local deviations of the longitudinal axis of the 
tube and/or circularit>'. 
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CLAIMS 



» A metliod of manufacturing an expandable slotted tube of a kind which 
is fabricated from at least one tubular element fonned by extrusion or similar 
processes and at least two annular elements formed by machining or like 
processes and connected to the opposite ends of the tubular elemem by means 
of butt joints formed by welding or like processes, wherein axially extending 
slots are fonned at a uniform angular spacing around the pcripheiy of the tube 
fabricated from said elements and in longitudinally overlapping relation 
throughout the entire length of said fabricated tube, including said tubular 
element and said annular elements, the method being characterised by cutting 
m said annular elements a pattern of overlapping positionally fixed slots in 
accordance with fixed and invariable parameters with regard to their 
longitudinal position and length which are pre-detcmiined relative to the 
dimensions of said annular elements, and cutting in said tubular element a 
pattern of positionally variable slots that is variable xvith regard to at least the 
parameters of longitudinal position and length of the slots in acconlance with 
measured parameters of the fabricated tube so as to achieve the required 
overlap between said positionally fixed slots and said positionally variable 
slots. 



The method according to Claim I comprising the steps of. 

a) establishing longitudinal datum points for each of said annular 
elements, 

b) calculating, by reference to said longitudinal datum points and 
by reference to ihc pre-deiennined parameters of longitudinal position 
and ax,al length ofsaid posiiionally fixed slots, the nominal longitudinal 
position and axial length of said positiotially variable slots required to be 
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cut in said tubular element so as to ensure ihai those positionally 
variable slots that extend across a joint between said annular elements 
and said tubular element are longitudinally centred on the joint across 
which they extend, and the length of each overlap between said 
positionally variable slots, including said joint-crossing slots, is uniform, 
and 

c) cutting said slots in accordance witli said pre determined and said 
calculated parameters. 

3. The method according to Claim 2 wherein the longitudinal datum points 
may include a first point corresponding lo a first end of the tube as defined by 
an end face of the annular element at that end of the tube and a second point 
conesponding to the other end of the tube as defined by an end face of the 
annular elemem at that end of the tube, plus third and fourth points 
conesponding respectively to the joints between the tubular element and the 
annular elements at those ends of the tube. 

4 The method according to Claim 3 for the manufacture of slotted tube of 
the kind which the tubular element has a further tubular element connected 
thereto by means of one of said annular elemeiUs and said further tubular 
element has a funher annular element connected at the end riiereof, and tlie 
annular element which is disposed intermediate the tubular elements is formed 
witli an exiemnl flange, wherein a further datum point is established 
corresponding to a radial face of the fiange on said intermediate annular 
element. 



5. The method according to any one of claim 2 to 4 wherein an angular 
datum is also established relative to the centic-line of the fabricated tube at one 
end thereof and cutting is commenced at the other end so that any angular off- 
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set which is required at n,e latter end to al.gn the slots correctly with respect to 
»l.c annular dement a, that end .s decennined relative to said angular datum and 
.s .ncluded in the re-calculatton of the paratneters of said positionally variable 



slots. 



6. The method according to Claim 5 wherein the angular position of the 
positionally fixed slots is also included in said re-calculation. 

7. The mctltod according to Claim 2 and including the further step of 
monitoring at the cutting site the position of the local centre-line of the tube 
and the radial distance from said centre-line to the outer surface of the tube 
and recalculating the nominal parameters of the positionally variable slots so as 
to co-rect substantially unifonnly over the length of the tubular element for any 
local deviations in the position of the centre-line and/or in circularity of the 
tubular element. 

8. The method according to any one of the preceding claims wherein the 
cutting step is carried out by commencing the Cutting of said slots from one end 
of the fabricated tube to form said slots progressively along the entire length of 
the rube. 

9. Expandable slotted tube as manufactured by the method as claimed in 
any one of the preceding claims.. 

10. A n.achinc for use in the manufacture by the method as claimed in any 
one of claims I to S of expandable slotted tube of a kind which is fabricated 
from at least one tubular clement formed by extrusion or similar processes and 
nt least two annular elements fonned by tnachining or like processes and 
connected to the opposite ends of the tubular element by means of butt joints 
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formed by welding or' like processes, wherein axially extending slots are 
fornied at a uniform angular spacing around die periphery of the mbe fabricated 
from said elements and in longitudinally overlapping relation thjoughout the 
entire length thereof, including said tubular element and said annular elements, 
and comprising - 

a) means for establishing longitudinal datum points for each of said 
annular elements, 

b) means for calculating, by reference to said longitudinal datum 
points and to the prc-dctcrmined parameters of longitudinal position and 
axial length of said positionally fixed slots, the nominal longitudinal 
position and axial length of said positionally variable slots required to be 
cut in said tubular element so as to ensure that those positionally 
variable slots that extend across a joint between said annular elements 
and said tubular element are longitudinally centred on the joint across 
which ihey extend, and the length of each overlap between said 
positionally variable slots, including said joint-crossing slots, is uniform, 
and 

c) means for cutting said slots in accordance with said pre- 
detennined and calculated parameiere. 

II. A machine according to Claim 10 fuilher comprising means for 
establishing an angular datum relative to the centre-line of the fabricated tube at 
one end thereof, means for providing an angular off-set relative to said angular 
datum of said cutting means at the other end of the tube to align the slots 
coneclly wiili respect to the annular element at that end, and means for 
including said angular off-set in the re-calculation of the parameters of said 
positionally variable slots as cutting progresses. 
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12. A machine according to Clai.n 10 further comprising means for 
monitoring tiie position of the local cenhe-line of the tube and the radial 
distance of the outer surface of the tube at the cutting site from said centre-line, 
and recalculating the nominal parameters of the positionally variable slots so as 
to correct substantially uniformly over tlie length of the tubular elemem for any 
local deviations in the position of the centre-line and/or in circularity of the 
tubular element as the cutting progresses along the mbular element. 

13. A machine according to Claim 1 0 wherein the cutting means is arranged 
to cut said slots progressively from one end of the fabricated mbe to form said 
slots sequentially along the entire length of the tube. 

14. A machine according lo any one of claims 10 to 13 comprising: 

a plurality of supports adapted lo hold a fabricated tube for cutting, 

an indexing rotator connectable to said tube for rotating said tube about 
its longitudinal axis in step-wise increments, 

a longinidinal guide defining a first longiiudinal axis parallel to that of 
said tube when mounted on said supports, 

a main carriage mounted on said longitudinal guide for movement along 
said first longitudinal axis and along the entire length of said mbe. 

a sub-caiTiagc mounted on said main carnage for movement relative 
thereto on two transverse axes relative to said longitudinal axis of the mbe so 
that said sub-carriage can thereby be centred relative to said longimdinal axis of 
the tube and for movement on a second longitudinal axis which is parallel to 
said first longitudinal axis, 

at least one slot cutter mounted on said sub-carriage for movement 
radially relative to .said longitudinal axis of the tube, and 

a contiol system operative to move said main carriage through a 
succession of working positions along the longitudinal guide, in each of which 
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positions the sub-carriagi: is centred relative to said longitudinal axis of the tube 
and a sequence of slot cutting operations is performed by moving said sub- 
caiTiagc along said second longitudinal axis while said slot cutter is operated to 
cut a slot of pre-determincd length, rotationally indexing said tube and 
returning said sub-carriage to its starting position on said second longitudinal 
axis and repeating the cutting operations until all the required slots are foimed 
at each of said working positions. 

15. A machine according to Claim 14 which includes a plurality of said slot 
cutters which are arranged at equal spacings around longitudinal axis of the 
tube so that a plurality of slots can be cut simultaneously each time the tube is 
indexed. 



16. A machine according to Claim 15 having four of said slot 



cutters. 



17. A machine according to Claim 14 wherein the slot cutters are abrasive 
water-jet cutters. 
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